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This study examined whether interactions of parental knowledge of adolescent’s whereabouts with 
impulsivity and sensation seeking in the prediction of adolescent substance use supported the 
diathesis-stress or differential susceptibility model in 230 15-year old adolescents (53% girls). 
Interactions between impulsivity and parental knowledge supported the diathesis-stress model with 
high impulsivity as a vulnerability factor: when impulsivity was higher, low levels of parental 
knowledge were associated with higher levels of substance use. Interactions between sensation 
seeking and parental knowledge supported differential susceptibility with low sensation seeking as 
a susceptibility factor; low parental knowledge was associated with higher substance use and high 
parental knowledge with lower substance use when sensation seeking was lower. Our results show 
that impulsivity and sensation seeking should be considered independently. Results support 
previous research suggesting that impulsivity in adolescence may act as a vulnerability factor and 
suggests that low sensation seeking may be a susceptibility factor. 
 Keywords: Personality, Monitoring, Alcohol, Drugs, Moderation  
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Adolescence is an important developmental period for the onset of substance use. In Québec 
(Canada), 63% of secondary 5 (grade 11) students had at least one binge drinking episode in the 
past year and 44% used drugs in the past year [1], with similar rates in the United States [2]. In 
addition to abuse, dependence and overdoses, short- and long-term consequences of substance use 
in adolescence include poor academic achievement, poor sleep quality, depressive symptoms, 
injuries, car accidents, teenage pregnancy and sexually transmitted diseases [3, 4]. Given these 
serious consequences, identifying factors associated with adolescent substance use is essential to 
develop evidence-based prevention and intervention programs. Among these factors, parental 
knowledge of their adolescent’s whereabouts has been consistently associated with lower or 
delayed substance use in adolescents [5]. However, some theoretical models [6, 7] suggest that the 
association between parental knowledge and substance use would be strongest for adolescents with 
disinhibited traits, such as impulsivity and sensation seeking, which are also important correlates of 
substance use [8-11]. This presumed pattern of interaction would correspond to a diathesis-stress 
model if vulnerable disinhibited adolescents - who are high on impulsivity or sensation seeking - 
exhibit high substance use only when parental knowledge is low. In contrast, it would correspond to 
a differential susceptibility model if susceptible disinhibited adolescents also exhibit less substance 
use than their counterparts when parental knowledge is high [7, 12]. Accordingly, the purpose of 
this study is to examine interactions of parental knowledge with impulsivity and sensation seeking 
within a diathesis-stress versus differential susceptibility perspective. This will allow a better 
understanding of the interplay between parenting and personality in predicting adolescent substance 
use, as well as identification of adolescents who may benefit the most from targeted prevention and 
intervention programs. 
Parental monitoring, parental knowledge and substance use 
 While parental monitoring comprises all parenting behaviors involving the surveillance and 
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tracking of a child [13], parental knowledge of their adolescent’s whereabouts represents one 
specific dimension of parental monitoring [14]. Parental knowledge is obtained from three sources 
of information: adolescent disclosure (when adolescents disclose their whereabouts spontaneously), 
parental solicitation (when the parents ask their adolescent for information on their whereabouts) 
and parental control (when parents impose rules restricting their adolescent’s whereabouts, limiting 
their ability to do things without disclosing them). Reports of parental knowledge may be obtained 
from the parents or the adolescents. However, it has been shown that parents may overestimate their 
knowledge regarding their child’s whereabouts, making adolescent reports more accurate regarding 
parental knowledge [15]. Furthermore, these measures, asking adolescents to rate their parents’ 
knowledge of their activities, have been shown to accurately represent the three sources of 
information. Indeed, adolescent reports not only measure adolescent disclosure, but also parental 
solicitation and parental control, although they are more strongly associated with adolescent 
disclosure [14, 16]. 
 Parental knowledge is considered an important predictor of adolescent substance use and 
problem behavior, notably because it facilitates control of the adolescent’s behavior by the parents, 
but also because it reflects the quality of parent-child relationship [14], which is also associated 
with delayed or low substance use [5]. Accordingly, parental knowledge has been consistently 
shown to be negatively associated with adolescent substance use in cross-sectional, prospective and 
longitudinal research [e.g., 17, 18, 19]. A meta-analysis also found that greater parental knowledge 
was associated with later alcohol initiation and lower levels of alcohol use [5].  
Moderation of parental knowledge by impulsivity and sensation seeking 
As mentioned earlier, the role of parental knowledge in predicting substance use may vary 
as a function of adolescents’ personal characteristics, such as disinhibited traits, which have also 
been shown to be associated with substance use [8, 20]. This frames the problem in a person-
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environment perspective [7, 12]. Person-environment interactions allow the identification of 
adolescents who may be more sensitive to their environment, and thus might benefit more from 
family interventions. In the present study, we examined parental knowledge as a key environmental 
influence. At the person level we examined disinhibition, which, although sometimes considered as 
a global trait, more likely consists of several independent dimensions [21, 22], with impulsivity and 
sensation seeking being particularly important with regards to substance use. 
 Impulsivity is generally defined as a tendency to react in a rapid and unplanned manner to 
stimuli, without thinking about potential negative consequences [23]. While an earlier study showed 
that temperamental impulsivity at 6 years did not interact with parental knowledge in adolescence 
to predict alcohol use [24], studies on the interaction between impulsivity and parental knowledge 
in adolescence in the prediction of substance use are lacking. However, one study examined these 
interactions in the prediction of antisocial behaviors in early adolescence, which often co-occur 
with substance use [25], and found that low levels of parental knowledge were associated with 
higher levels of antisocial behaviors only in girls high on impulsivity [26], suggesting that similar 
interactions could be expected for substance use. 
Sensation seeking is generally defined as the tendency to seek new and intense sensations 
and experiences, and the willingness to take risks for those experiences [23, 27]. Similar to the 
results with impulsivity, a study of 13- to 17-year-old adolescents found a significant interaction of 
parental knowledge and rule setting with sensation seeking in the prediction of delinquency, another 
correlate of substance use [25, 28], which showed that low levels of parental knowledge and rule-
setting were associated with higher levels of delinquency in high sensation seekers [29]. In contrast, 
a study found that between 13.4 and 16 years, low levels of parental knowledge and rule-setting 
were associated with higher levels of cannabis use for adolescents with lower levels of sensation 
seeking [30]. Thus, although high sensation seekers are generally more at risk for substance use, it 
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remains unclear whether parental knowledge will have more influence on adolescent substance use 
in high or low sensation seekers. 
Models of person-environment interactions: Diathesis-stress and differential susceptibility 
 Research on person-environment interactions, such as those reviewed above, has recently 
focused on the comparison of two theoretical models which carry different implications for 
prevention and intervention. These models suggest that the environment would influence 
developmental outcomes for adolescents high in disinhibition, but not those low in disinhibition. In 
the past, research has mainly focused on one of these models, the diathesis-stress model, which 
posits that “vulnerable” individuals experience negative outcomes only when exposed to adverse 
environments [31]. Thus, according to this model, highly disinhibited adolescents would have 
higher levels of substance use than other adolescents when parental knowledge is low, but levels of 
substance use would be similar for adolescents low and high on disinhibition when parental 
knowledge is high. In contrast, the differential susceptibility model posits that “susceptible” 
individuals experience not only negative outcomes when exposed to adverse environments but also 
better-than-average outcomes when exposed to good environments [7, 12]. Thus, disinhibited 
adolescents would have higher levels of substance use than adolescents low on disinhibition when 
parental knowledge is low and lower levels of substance use than adolescents low on disinhibition 
when parental knowledge is high. 
The diathesis-stress and differential susceptibility models can be distinguished by a careful 
analysis of patterns of interaction. Support for diathesis-stress comes from a pattern where the 
individual characteristic is associated with the outcome and an ordinal (fan-shaped) interaction is 
found. In contrast, support for differential susceptibility comes from a pattern where the individual 
characteristic is not associated with the outcome and a disordinal (crossover) interaction is found. 
Furthermore, for both models, the slope of the vulnerable or susceptible group (e.g., adolescents 
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high on disinhibition) has to be significantly different from zero and significantly steeper than the 
slope of the non-vulnerable or susceptible group (e.g., adolescents low on disinhibition). Although 
visual appraisal of the interaction was previously acceptable to determine whether it was ordinal or 
disordinal, further statistical testing is now required to do so [32]  
 Nevertheless, visual appraisal of the interaction plots remains a useful tool when examining 
the results of previous studies that did not test the models. This method was applied in a recent 
review of interactions between temperament and family factors in adolescent substance use and 
externalizing behaviors, and raised the hypothesis of a possible developmental shift: interactions of 
parenting with disinhibited traits in childhood supported differential susceptibility, whereas 
interactions between parenting and disinhibited traits in adolescence supported diathesis-stress [33]. 
However, because these results were post-hoc and based on the more liberal visual appraisal 
method, studies looking at the models a priori and conducting the required statistical tests are 
needed. Such studies could test the hypothesis that the diathesis-stress model and not the differential 
susceptibility hypothesis would be supported when these factors are measured in adolescence. Only 
Barker et al’s (2011) study of antisocial behaviors at age 13 years mentioned above has tested this 
question a priori, showing that girls’ impulsivity and parental knowledge at 12 years interacted in a 
diathesis-stress fashion [26]. Consequently, these hypotheses still need to be tested with substance 
use as an outcome, as well as with sensation seeking as a moderator. 
The present study 
 As described in the previous sections, it is still unclear whether impulsivity and sensation 
seeking show a similar pattern of interaction with parental knowledge to predict substance use. 
While research suggests that interactions between parental knowledge and disinhibited traits in 
childhood support the differential susceptibility model and interactions between parental knowledge 
and disinhibited traits in adolescence support diathesis-stress, this is mostly based on visual 
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appraisal of interactions - and thus full statistical testing of the models is still needed to better 
support the hypothesis. Furthermore, the evidence suggesting support for diathesis-stress and 
differential susceptibility with predictors at different developmental periods came from different 
samples. 
In the sample of the current study, it was previously found that impulsivity and coercive 
parenting in childhood follow a differential susceptibility pattern to predict alcohol use at 15 years 
[24]. Thus, evidence of differential susceptibility with childhood predictors was already found in 
this sample when predicting substance use in middle adolescence, at 15 years. In contrast, the 
present study examined whether the diathesis-stress model or the differential susceptibility model is 
supported, this time using mid-adolescence predictors of substance use in middle and late 
adolescence, i.e., at 15 years and 17 years. Specifically, the present study examined the interactions 
of parental knowledge with impulsivity and sensation seeking at 15 years in the prediction of 
substance use outcomes (binge drinking and drug use) at 15 and 17 years. Based on previous 
findings in adolescence [24, 26], it is hypothesized that a diathesis-stress pattern of interaction will 
be supported.  
Methods 
Participants 
 Participants come from a longitudinal study on the social, psychological and cognitive 
development of children in Québec, Canada [34]. One thousand families from urban areas and all 
socioeconomic backgrounds were randomly selected from the Québec birth registry in 1996-1997, 
with 572 francophone (90%) and anglophone (10%) families participating at the first assessment 
when the children were 5 months old. This urban sample differed slightly from a larger population-
based sample of Québec 5-month-old children born 2 years later. Parents in the urban sample were 
significantly more likely to have finished high school (90% vs. 84%) or have postsecondary 
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education (57% vs. 50%) compared to parents in the larger population. Mothers in the sample were 
also significantly older than in the larger population at the birth of the participants (29.9 vs. 28.8 
years). There were no significant differences between the urban and population samples regarding 
fathers’ age (32.3 vs. 31.8 years) and proportion of family income under CAD$30,000 (26% vs. 
29%) [35]. 
The participants were followed annually. Informed parent consent was obtained at the first 
assessment and renewed at each follow-up. Child assent was obtained at 9 years of age and renewed 
at each subsequent assessment. Following attrition, loss to follow-up, and year-to-year variations in 
participation rates, the sample for this study consists of 230 participants (53% girls) with data 
between 15 (M = 15.06; SD = 0.12) and 17 years (M = 17.18; SD = 0.10). This subsample did not 
differ significantly from the remainder of the sample on sex, family income, impulsivity, coercive 
parenting and positive parenting at 6 years (p = 0.10 to 0.97). The University of Montreal and the 
CHU Ste-Justine Research Center ethics committees approved this project. 
Measures 
 Substance use at 15 and 17 years. Substance use was assessed using items based on the 
Québec Survey on Tobacco, Alcohol, Drug Use and Gambling in Secondary School Students [1]. 
Binge drinking frequency was assessed asking participants how many times they had five or more 
drinks in one occasion in the last 12 months (0 = none to 5 = five times or more). Then, participants 
were asked at what frequency they had consumed the following drugs in the last 12 months: 
cannabis, cocaine, glue or solvents, hallucinogens, heroin, amphetamines and other drugs or 
medications taken without prescription (0 = never to 7 = every day). A sum of the scores on these 
variables was used to create a drug use frequency score, as, when analyzed separately, cannabis and 
other drugs were predicted by temperament and parenting variables in the same way. 
 Parental knowledge at 15 years. Adolescents answered two items on their parents’ 
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knowledge of their whereabouts and activities; “Do your parents know where you are when you go 
out?” and “Do your parents know with whom you are when you go out?” These items were rated on 
a 5-point scale ranging from never to always, were highly correlated (r = 0.67, p < .01) and are 
frequently used to measure parental knowledge and found to be associated with a range of 
behavioral outcomes [e.g., substance use and externalizing behaviors; 24, 26, 36, 37]. 
Personality at 15 years. Adolescents completed the impulsivity (e.g., I usually act without 
stopping to think) and sensation seeking (e.g., I enjoy new and exciting experiences even if they are 
unconventional) subscales of the Substance Use Risk Profile Scale [38, 39], with five items each 
rated on a 4-point scale (strongly disagree to strongly agree; α = 0.73 for impulsivity and α = 0.69 
for sensation seeking).  
Data analysis 
 Linear regressions (path analyses) were conducted using Mplus 7.0 [40]. For each substance 
use outcome (i.e., binge drinking and drug use), three sets of analyses were conducted, i.e., (1) 
cross-sectional analyses with substance use variables at 15 years as outcomes; (2) prospective 
analyses with substance use variables at 17 years as outcomes; and (3) longitudinal analysis with 
substance use variables at 17 years as outcomes, controlling for substance use at 15 years. Sex, 
parental knowledge, impulsivity and sensation seeking were included in the first model and the 
interaction terms of parental knowledge with impulsivity and sensation seeking were added in the 
second model. Predictor and moderator variables were standardized before computing interaction 
terms and entering variables in the analysis. Maximum likelihood with robust standard errors 
(MLR) estimation, which is robust to deviations from normality [41], was used in all analyses and 
full information maximum likelihood (FIML) was used to account for missing data. As regression 
models were saturated, model fit indices were not calculated. When significant interactions were 
found, the effect of parental knowledge was plotted as a function of the moderator (impulsivity or 
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sensation seeking at +/- 1 standard deviation) and followed by simple slope tests to determine the 
nature of the interaction. 
To test for diathesis-stress and differential susceptibility, significant interactions were first 
examined according to the criteria previously mentioned. Following the examination of those 
criteria, the nature of the ordinal or disordinal interaction was formally tested. First, the “regions of 
significance” were identified using the Johnson-Neyman technique [42], which identifies the values 
of parental knowledge at which the moderator is associated with substance use. In other words, the 
regions-of-significance test identifies where in the parental knowledge continuum adolescents high 
and low on impulsivity/sensation seeking differ in their substance use. If they only differ at the low 
end of parental knowledge, results support an ordinal interaction and the diathesis-stress model. If 
they differ at both the low and high end of parental knowledge, results support a disordinal 
interaction and the differential susceptibility model. However, because region of significance 
testing is dependent on sample size, further quantification of the interaction has been proposed to 
confirm support for one or the other model [32]. Accordingly, the “proportion affected” (PA) index 
was computed. This index represents the proportion of participants who benefit from the positive 
environment, or the proportion of participants above the crossover point. Strong evidence for 
differential susceptibility would come from a PA index around 0.50 and clear support for diathesis-
stress from a PA index of 0.00. Within the full continuum of values, a PA value below 0.16 is 
considered as indicative of diathesis-stress [32]. 
Results 
Descriptive statistics 
Prevalence for binge drinking was 43.4% at 15 years and increased to 77.7% at 17 years. 
For drug use, prevalence was 30.8% at 15 years (27.9% for cannabis use and 9.1% for other drugs) 
and 54.5% at 17 years (46.5% for cannabis use and 13.4% for other drugs). Table 1 presents 
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correlations and descriptive statistics for all variables. Impulsivity at 15 years was positively 
associated with substance use (binge drinking and drug use) at 15 and 17 years. Sensation seeking 
at 15 years was positively associated with binge drinking at 15 years and drug use at 15 and 17 
years. Parental knowledge at 15 years was negatively associated with binge drinking at 15 and 17 
years and drug use at 17 years. Testing for diathesis-stress and differential susceptibility requires 
the predictor and moderator to be independent from each other [7]. Because parental knowledge 
was mildly correlated with impulsivity (r = -.14, p < .05), parental knowledge was regressed on 
impulsivity and the parental knowledge residual score was used in analyses, as is often done in 
other studies testing the models [33]. 
Cross-sectional analyses at 15 years  
Results of regression analyses are presented in Table 2, which shows that once effects of sex 
and all main predictors were taken into account, binge drinking and drug use frequencies were 
associated negatively with parental knowledge and positively with impulsivity, but were not 
associated with sensation seeking. 
Interactions were found between parental knowledge and impulsivity for binge drinking and 
drug use frequencies. For these two interactions, plotted results and simple slope analyses showed 
that the effect of parental knowledge was not significant when impulsivity was lower, but it was 
significant and negative when impulsivity was higher (see Figure 1a-b). Regions-of-significance 
test indicated that the association between impulsivity and substance use was significant only at 
lower levels of parental knowledge, with a lower bound of significance at 1.1 for binge drinking 
and 1.0 for drug use. The proportion affected index was 0.00 for both binge drinking and drug use. 
Thus, these two interactions strongly supported the diathesis-stress model. 
Interactions were also found between parental knowledge and sensation seeking for both 
binge drinking and drug use frequencies. The effect of parental knowledge was not significant when 
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sensation seeking was high, but was significant and negative when sensation seeking was low (see 
Figure 1c-d). Therefore, within these interaction models, results did not support the traditional 
conceptualization that high sensation seeking would be the risk or susceptibility factor for substance 
use. Rather, they supported the differential-susceptibility model with low sensation-seekers being 
more susceptible to parental knowledge than their high sensation-seeking counterparts: lower 
sensation-seekers had high levels of substance use when parental knowledge was low and low 
levels of substance use when knowledge was high. Although the regions-of-significance test for the 
interaction for binge drinking indicated that the association between sensation seeking and binge 
drinking was significant only at lower levels of parental knowledge, with a lower bound of 
significance at -1.3, the PA index was 54.5. The regions-of-significance test for the interaction for 
drug use indicated that the association between sensation seeking and drug use was significant at 
both lower and higher levels of parental knowledge, with a lower bound of significance at -1.8, a 
higher bound of significance at 0.8 and a PA index of 54.5.  
Prospective and longitudinal analyses with substance use at 17 years 
In prospective analyses, main effects in the prediction of substance use at 17 years (see 
Table 2) indicated that impulsivity at 15 years remained positively associated with both binge 
drinking and drug use frequencies at 17 years, but that there was no longer an association between 
those substances and parental knowledge. As with analyses for 15 years, sensation seeking was not 
significantly associated with substance use at 17 years. 
There was no interaction of parental knowledge with impulsivity or sensation seeking at 15 
years in the prediction of binge drinking frequency at 17 years, but interactions were found in the 
prediction of drug use frequency, which were similar to those found with drug use at 15 years. 
Indeed, an interaction between parental knowledge and impulsivity at 15 years was found in the 
prediction of drug use frequency at 17 years where the effect of parental knowledge was not 
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significant when impulsivity was lower, but was significant and negative when impulsivity was 
higher (see Figure 2a). The regions-of-significance test indicated that the association between 
impulsivity and substance use was significant only at lower levels of parental knowledge, with a 
lower bound of significance at 0.6. Furthermore, the proportion affected index was 0.00, which is 
indicative of strong support for the diathesis-stress model. 
A second interaction was found between parental knowledge and sensation seeking at 15 
years in the prediction of drug use frequency at 17 years. This interaction was comparable to the 
one found with drug use at 15 years, with the effect of parental knowledge being not significant 
when sensation seeking was high, but significant and negative when sensation seeking was low (see 
Figure 2b), supporting the differential susceptibility model, where low sensation seekers may be 
more susceptible to the effects of parental knowledge. Indeed, the regions-of-significance test 
indicated that the association between sensation seeking and substance use was significant at both 
lower and higher levels of parental knowledge, with a lower bound of significance at -1.0, a higher 
bound of significance at 1.5 and a PA index of 54.5.  
 In longitudinal analyses where substance use at 15 years was added as a covariate to the 
prospective model, all previous effects were no longer significant. Thus, parental knowledge, 
impulsivity, sensation seeking and their interaction did not predict an increase in substance use from 
15 to 17 years. 
Discussion 
 This study examined the unique contribution of impulsivity and sensation seeking at 15 
years in predicting substance use at 15 and 17 years and their interaction with parental knowledge at 
15 years. These interactions were then decomposed in order to test whether they supported the 
diathesis-stress or differential susceptibility models. The main findings of this study first indicate 
that parental knowledge and impulsivity in adolescence interact in a diathesis-stress fashion to 
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predict substance use, with adolescents high on impulsivity binge drinking and consuming drugs 
more frequently than their peers when parental knowledge is low. Second, this study found that 
parental knowledge and adolescent sensation seeking interacted in a differential susceptibility 
fashion to predict substance use, but that the more susceptible adolescents to parental knowledge 
were low in sensation seeking: parental knowledge was negatively associated with substance use 
when sensation seeking was low, but not when it was high. 
Parental knowledge, personality and their interaction in the prediction of adolescent 
substance use  
First, main effects of parental knowledge, impulsivity and sensation seeking in the 
prediction of binge drinking and drug use frequencies were examined. Parental knowledge and 
impulsivity predicted both binge drinking and drug use at 15 years, which is consistent with 
previous literature showing that these two variables are important correlates of adolescent substance 
use [5, 8]. An interaction between impulsivity and parental knowledge at 15 years predicted binge 
drinking and drug use at 15 years and only drug use at 17 years. These interactions showed that 
when impulsivity was higher, lower levels of parental knowledge were associated with higher levels 
of substance use, supporting the diathesis-stress model. This is of particular interest as previous 
analyses using this same sample showed that an interaction between impulsivity and coercive 
parenting, both measured at 6 years of age, was significantly associated with alcohol use at 15 years 
following a differential susceptibility pattern [24]. Accordingly, this suggests a potential 
developmental shift from differential susceptibility to diathesis-stress when looking at interactions 
between impulsivity and the familial environment, which will be discussed in more detail below. 
Interactions were also found between sensation seeking and parental knowledge at 15 years 
in the prediction of binge drinking and drug use at 15 years and only drug use at 17 years, with the 
slopes being significant when sensation seeking was lower, but not when it was higher. Thus, in 
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contrast to what can be expected theoretically, these interactions supported the differential 
susceptibility model, but with low sensation seekers being more susceptible to parental knowledge. 
These results are not without precedent, as one of the two studies that examined interactions 
between sensation seeking and parental knowledge found that the association between parental 
knowledge and cannabis use between 13.4 and 16 years was greater in low sensation seekers [30]. 
These results suggest that although high sensation seekers are considered to be at greater risk for 
substance use independently from the environment, low sensation seekers may be more sensitive to 
some environmental influences, putting them at greater risk for substance use only under certain 
environmental conditions. What could make adolescents low on sensation seeking more likely to 
binge drink or use drugs compared to adolescents high on sensation seeking when their parents do 
not know about their whereabouts? One possible explanation for this unexpected result could 
involve lack of perseverance, which is the tendency not to finish tasks due to an inability to sustain 
attention, and is a disinhibitory trait that is also associated with substance use [43, 44]. Indeed, one 
study found that low parental knowledge was associated with higher levels of substance use in low 
sensation seekers, but only when lack of perseverance was high [45]. Another possible explanation 
could involve lower tolerance for arousal and higher stress response in low sensation-seekers [46]: 
for low sensation-seekers, an unsupportive familial environment may be associated with higher 
levels of anxiety [47], and this anxiety may, in turn, explain higher levels of substance use [48]. As 
low parental knowledge is associated with other aspects of the familial environment, including 
lower quality of the parent-child relationship [49], lower parent-child communication [50] and 
lower parent sensitivity [51], it may thus be indicative of a familial environment that could lead to 
higher anxiety in more susceptible adolescents. Future studies should examine the interaction 
between sensation seeking and parental knowledge to test whether it is replicated and explained by 
the aforementioned variables. 
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Our results have implications for the conceptualization of disinhibited traits. Research has 
shown that disinhibition is a multi-faceted trait [21, 22]. Although studies have shown some 
discrepancies in the number and nature of those traits, it is generally agreed upon that impulsivity 
and sensation seeking are among them [23]. While some studies combine impulsivity and sensation 
seeking into a global disinhibition score, the results of the present study showed that impulsivity 
and sensation seeking had different associations with substance use. Other studies have found 
differential effects for impulsivity and sensation seeking [e.g., 52, 53, 54], and recent research 
found that sensation seeking did not fit within the latent structure of impulsivity measures [55]. 
Thus, although they are both disinhibited traits and correlated measures, impulsivity and sensation 
seeking should be considered independently in order to fully comprehend their respective 
associations with developmental outcomes.  
Results also have implications regarding the link between parental knowledge and substance 
use. Indeed, the association between parental knowledge and substance use was found to decrease 
over time [56]. In the present study, interactions with parental knowledge were found for both binge 
drinking and drug use at 15 years, but only for drug use at 17 years. This suggests that parental 
knowledge may be particularly important in reducing problematic behaviors in adolescents, but 
only when those behaviors are not normative developmentally. Indeed, by 17 years, the majority of 
adolescents have had episodes of binge drinking [1, 2], which may explain the decreased 
importance of parental knowledge for this behavior. However, although the prevalence of drug use 
is higher in late than in early adolescence, it is still less normative than alcohol use, and this may 
explain why parental knowledge would still be important for this behavior at 17 years. These results 
also suggest that research taking into account specific ages throughout adolescence instead of 
averaging across a wide age range may be more informative about adolescent development. 
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Support for the diathesis-stress and differential susceptibility models in adolescence 
Interactions between impulsivity and parental knowledge supported the diathesis-stress 
model. This is consistent with previous findings showing that impulsivity-by-parenting interactions 
in the prediction of substance use support the diathesis-stress model when predictors were measured 
in adolescence [26, 33]. Indeed, a literature review of temperament-by-family interactions in the 
prediction of adolescent substance use and externalizing behaviors showed that studies measuring 
temperament and family variables in childhood supported the differential susceptibility model and 
studies measuring temperament and family variables in adolescence supported the diathesis-stress 
model [33]. However, these results were based on liberal re-analysis of published studies, and 
needed to be replicated by testing the models with the full criteria and statistical analyses. 
Furthermore, these effects were based on results from different samples, and thus the developmental 
change in model supported also needed to be shown within one sample. As mentioned previously, 
using the same sample as the present study, an interaction between impulsivity and coercive 
parenting at 6 years was shown to predict alcohol use at 15 years following a differential 
susceptibility pattern [24]. The present study showing support for diathesis-stress with impulsivity 
and parental knowledge at 15 years predicting binge drinking at 15 years and drug use at 15 and 17 
years increases confidence in a developmental shift from differential susceptibility to diathesis-
stress when looking at interactions between impulsivity and the familial environment. However, 
these differential effects could also be due to the different types of parenting practices examined, 
i.e., coercive parenting in childhood and parental knowledge in adolescence. Thus, future studies 
examining interactions between the same personality and parenting variables throughout 
development are needed to confirm this developmental shift from diathesis-stress to differential 
susceptibility. 
In addition to replicating this finding, future studies should also examine potential 
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explanations for this shift from differential susceptibility to diathesis-stress. A possibility is that for 
susceptible individuals, childhood environment may influence later plasticity to the environment. 
For example, person-environment interactions could predict later personality [33]. Alternatively, 
individual characteristics and the environment may interact in childhood to predict susceptibility to 
environmental influences later in life. Thus, susceptible individuals exposed to adverse 
environments in childhood would be vulnerable to adverse environments in adolescence or 
adulthood, while susceptible individuals exposed to positive environments in childhood would be 
resilient to adverse environments later in life. This is supported by several studies examining gene-
by-environment-by-environment interactions in the prediction of emotional and behavioral 
problems that found that individuals at higher genetic risk were more vulnerable to environmental 
adversity in adolescence and adulthood only when childhood adversity was high [57-60]; similar 
three-way interactions could be examined with substance use and personality variables such as 
impulsivity. 
Still, although the diathesis-stress model was supported with impulsivity in interaction with 
the familial environment, other personal and environmental variables may capture plasticity and 
support differential susceptibility in adolescence. The present study suggests low sensation seeking 
may be such a variable, although replication of those interactions is needed before revising 
plasticity factors to include low sensation seeking instead of high sensation seeking. Furthermore, 
studies on sensory-processing sensitivity support differential susceptibility in adulthood [7, 61]. A 
study of interactions between “plasticity alleles” and parenting in adolescence also supported 
differential susceptibility in the prediction of parental stress in adulthood [62]. Thus, more research 
is needed to identify which model applies for specific developmental periods, personal 




 A first limitation of this study is that the sample was urban and mostly French-speaking 
Euro-Canadian, which limits the generalizability of results. Thus, more studies are needed to 
determine whether these findings apply to other populations. Second, attrition from infancy to 
adolescence may limit the generalizability to the originally sampled population. However, it has 
been shown that attrition has an influence mostly on means and not on the association between 
variables [63, 64] and, as shown, the initial childhood and final adolescent samples were 
comparable on childhood variables associated with the main variables of interest. Third, all 
measures were adolescent-reported, thus shared method variance may account for a portion of the 
associations. Although self-reports have been shown to be reliable in adolescence [65, 66], other 
informants and observations would clarify the robustness of these findings. Fourth, only parental 
knowledge of adolescents’ whereabouts was examined, and future studies are needed to determine 
whether the effects found in the current study generalize to parental monitoring or are specific to 
parental knowledge. Finally, this study is correlational and therefore does not show causal 
relationships between parental knowledge, impulsivity, sensation seeking and substance use; 
randomized multimodal intervention studies could clarify the causal chain. Such intervention 
studies have already been used within the diathesis-stress versus differential susceptibility 
framework, looking at gene-intervention interactions in the prediction of substance use and 
externalizing behaviors [67], and looking at temperament-intervention interactions in the prediction 
of attachment security [68] and oppositional behaviors [69]. Thus, a parenting intervention could be 
delivered through randomization, and results examined according to levels of impulsivity and 
sensation seeking, which would be a fixed factor. Additionally, experimental manipulations may be 
used to test the models by exposing participants to a positive or negative feedback condition, and 
examining the effects of this manipulation depending on personal characteristics. For example, a 
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recent study found support for diathesis-stress by examining whether positive and negative 
feedback given to 4-6 year old children through puppet role-plays differentially affected changes in 
positive and negative affect and in prosocial and antisocial behavior as a function of children’s 
negative emotionality [70]. 
Summary 
 The present study is the first to examine the moderating effect of both adolescent 
impulsivity and sensation seeking on the relationship between parental knowledge and substance 
use and to test those associations according to the diathesis-stress and differential susceptibility 
models. Results raise new questions regarding the role of sensation seeking in adolescent substance 
use by suggesting that low sensation seeking, but not high sensation-seeking, may reflect 
susceptibility to parental knowledge in adolescence. Furthermore, it was found that adequate 
parental knowledge may reduce vulnerability to substance use in impulsive adolescents, supporting 
previous findings on substance use suggesting that impulsivity in adolescence may act as a 
vulnerability factor, following a diathesis-stress pattern, rather than a susceptibility factor, 
following a differential susceptibility pattern [33]. This in turn provides further evidence for a 
developmental shift from childhood to adolescence since impulsivity in childhood was found in 
contrast to act as a susceptibility factor for adolescent substance use [24, 33].   
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Figure 1. (a) Parental knowledge by impulsivity interaction predicting binge drinking frequency at 
15 years; (b) parental knowledge by impulsivity interaction predicting drug use frequency at 15 
years; (c) parental knowledge by sensation seeking interaction predicting binge drinking frequency 
at 15 years; and (d) parental knowledge by sensation seeking interaction predicting adolescent drug 
use frequency at 15 years. Sample distribution: low impulsivity (below -1SD) 15.8%, mean 
impulsivity (between -1SD and +1SD) 64.4%, high impulsivity (above +1SD) 19.6%; low sensation 





Figure 2. (a) Parental knowledge by impulsivity interaction and (b) parental knowledge by 
sensation seeking interaction predicting drug use frequency at 17 years. 
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Table 1. Correlations and descriptive statistics for study variables a 
 
Variable 1 2 3 4 5 6 7 
1. Binge drinking at 15 –       
2. Binge drinking at 17 .43** –      
3. Drug use at 15 .53** .32** –     
4. Drug use at 17 .44** .45** .50** –    
5. Impulsivity .25** .24** .17* .18* –   
6. Sensation seeking  .17** .26** .08 .15* .30** –  
7. Parental knowledge -.28** -.13 -.29** -.21** -.14* -.11 – 
8. Sex .05 .15* -.05 .06 .09 .21** -.20** 
Mean 1.16 2.47 3.30 5.54 2.38 2.91 3.30 
Standard deviation 1.67 2.01 5.41 5.55 0.65 0.65 0.69 
Skewness 1.29 -0.22 1.55 0.41 -0.03 -0.49 -0.75 
Kurtosis 0.30 -0.65 2.05 -0.83 -0.15 -0.03 0.01 
 
a * p < .05.     ** p < .01.  
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Table 2. Main and interaction effects of parental knowledge, impulsivity and sensation seeking at 
15 years on substance use at 15 and 17 years a 
 
 Binge drinking Drug useb 
Cross-sectional analyses at 15 years 
Main effects (model 1)    B (SE)   β    B (SE)    β 
Sex -0.08 (0.22) -0.02 -1.31 (0.73) -0.12 
Parental knowledge -0.35 (0.12) -0.21** -1.40 (0.45) -0.26*** 
Impulsivity 0.55 (0.12) 0.33*** 1.56 (0.37) 0.29*** 
Sensation seeking 0.09 (0.11) 0.05 -0.01 (0.38) 0.00 
     
Interaction effects (model 2)     
Sex -0.06 (0.22) -0.02 -1.23 (0.71) -0.11 
Parental knowledge -0.32 (0.11) -0.19** -1.36 (0.42) -0.25*** 
Impulsivity 0.58 (0.12) 0.35*** 1.69 (0.37) 0.31*** 
Sensation seeking 0.01 (0.12) 0.01 -0.41 (0.40) -0.08 
Impulsivity*Knowledge -0.26 (0.13) -0.16* -0.95 (0.39) -0.17* 
Sensation seeking *Knowledge 0.33 (0.13) 0.19** 1.66 (0.45) 0.30*** 
     
Prospective analyses with predictors at 15 years and outcomes at 17 years 
Main effects (model 1)     B (SE)   β    B (SE)   β 
Sex 0.42 (0.29) 0.10 0.21 (0.75) 0.02 
Parental knowledge -0.09 (0.16) -0.04 -0.81 (0.43) -0.15 
Impulsivity 0.46 (0.16) 0.23** 1.50 (0.37) 0.27*** 
Sensation seeking 0.32 (0.17) 0.16 0.26 (0.38) 0.05 
     
Interaction effects (model 2)     
Sex 0.43 (0.29) 0.11 0.27 (0.74) 0.02 
Parental knowledge -0.06 (0.15) -0.03 -0.72 (0.40) -0.13 
Impulsivity 0.46 (0.16) 0.23** 1.52 (0.38) 0.27*** 
Sensation seeking 0.30 (0.18) 0.15 0.03 (0.38) 0.01 
Impulsivity*Knowledge -0.25 (0.17) -0.12 -1.03 (0.43) -0.18* 
Sensation seeking *Knowledge 0.13 (0.18) 0.06 1.05 (0.37) 0.18** 
     
Longitudinal analyses with predictors at 15 years and outcomes at 17 years, 
controlling for outcomes at 15 years 
Main effects (model 1)    B (SE)   β    B (SE)   β 
Sex 0.50 (0.27) 0.12 0.90 (0.66) 0.08 
Substance use at 15c 0.46 (0.07) 0.38*** 0.49 (0.08) 0.47*** 
Parental knowledge 0.09 (0.15) 0.05 0.03 (0.42) 0.01 
Impulsivity 0.20 (0.15) 0.10 0.59 (0.43) 0.11 
Sensation seeking 0.28 (0.16) 0.14 0.34 (0.33) 0.06 
     
Interaction effects (model 2)     
Sex 0.50 (0.27) 0.13 0.89 (0.66) 0.08 
Substance use at 15c 0.45 (0.07) 0.38*** 0.46 (0.08) 0.45*** 
Parental knowledge 0.10 (0.15) 0.05 0.04 (0.41) 0.01 
 35 
Impulsivity 0.20 (0.15) 0.10 0.63 (0.43) 0.11 
Sensation seeking 0.29 (0.16) 0.14 0.26 (0.34) 0.05 
Impulsivity*Knowledge -0.13 (0.16) -0.06 -0.58 (0.44) -0.10 
Sensation seeking *Knowledge 0.02 (0.17) 0.01 0.37 (0.38) 0.07 
 
a * p < 0.05; ** p < .01; ***p < .001. 
b Results were the same for cannabis and other drugs when examined separately. 
c Analyses for each outcome at 17 years controlled for the corresponding variable at 15 years (e.g., 
binge drinking frequency at 15 years was used for analyses on binge drinking frequency at 17 
years). 
 
 
 
